The versatility of PFPA chemistry makes it especially useful for surface modification. Surfaces can either be globally modified by the technique, or specific areas can be addressed by A C H T U N G T R E N N U N G arraying techniques such as photomasking and conventional printing devices. Furthermore, the technique is applicable to a variety of polymers. [11, 12, [14] [15] [16] In this study, PFPA chemistry was first used to covalently attach poly(ethylene oxide) (PEO) to amino-functionalized glass slides. By treating the amino groups on the array glass slide with N-hydroxylsuccinimide-derivatized PFPA (NHS-PFPA), [17] a monolayer of PFPA was formed on the surface (Scheme 1). Coating the slide with a solution of Scheme 1. Array generation by double photoligation. A layer of poly(ethylene oxide) was photoligated to a perfluorophenylazide (PFPA)-activated surface. Photoprobe-conjugated carbohydrates were subsequently arrayed and photoligated to the resulting polymer surface.
PEO and subsequent UV irradiation produced a thin layer of PEO that was efficiently attached to the surface.
PFPA-derivatized carbohydrates were subsequently immobilized in an array format on the PEO surface by photoinitiated insertion chemistry (Scheme 1). A prototype library of carbohydrate structures was designed and synthesized, composed of nine different carbohydrate structures (Scheme 2, compounds
, and disaccharides (lactose, cellobiose). This collection of carbohydrate structures was primarily chosen to demonstrate the efficiency of the array preparation and function, but can relatively easily be adapted to larger collections of more complex structures. In addition to the carbohydrates, the linker structure 10, which does not carry a carbohydrate head group, was coupled to the PFPA structure and used as reference.
The resulting array structures were then applied to the surfaces coated with the PEO thin film. By using a high-density DNA-array machine, the slides were first spotted with the compounds. Subsequently, photochemical UV activation was employed to immobilize the carbohydrates on the substrate surface by insertion reactions of PFPA to the polymer film. The general design of the arrays produced is displayed in Figure 1 . A three-by-four array, with every structure printed in quadruplicate, was employed Following array development, binding analysis of the surfaces was addressed. The primary targets were known lectins of different specificity; [18] [19] [20] [21] here fluorescence-tagged lectins were used, and fluorescence imaging was employed in developing the array binding patterns. Four different lectins were thus targeted by the arrays, the lectin from Griffonia simplicifolia II (GSII), peanut agglutinin (PNA), jack bean lectin (ConA), and soybean agglutinin (SBA).
The results from scanning the arrays are displayed in Figure 1 . As can be seen, the arrays were efficient in demonstrating the specific binding patterns of the chosen lectins; both the primary binding partners and the secondary ligands could be identified. The first lectin, GSII, showed a clear preference for binding to its major binding partner, b-d-GlcNAc (5), in agreement with the ligand specificity for this lectin, and with no detectable binding to the other structures. The primary ligand for PNA was revealed to be lactose (7), followed by lower binding of b-d-galactose (2) and cellobiose (6) . The preference of ConA for interacting with a-d-mannoside structures is clearly demonstrated, with efficient binding to the carbohydrate part of compound 1, the a-d-mannoside PFPA. This lectin also showed low binding to the b-d-glucoside (3) and very low binding to the N-acetyl-b-d-glucosamine (5) structure. Finally, the soybean agglutinin is specific for terminal b-d-galactoside units and thus showed binding to both b-d-galactose (2) and lactose (7) . Thus, these results indicate that the method can be used to specify the pattern of binding to different carbohydrate structures for specific lectins in a single analysis.
In conclusion, this study has demonstrated that the versatility of photochemical immobilization chemistry can be combined with microarray techniques to create high-density and spatially addressable carbohydrate microarrays. With this approach, the photochemical properties of PFPAs can be fully employed to produce polymer thin films, and to locate the carbohydrate ligands to specific areas on the surface. Furthermore, the type and chemical nature of the polymer film on the substrate can be selected to reduce the nonspecific adsorption of ligands to the surface. The produced arrays could be employed to efficiently pinpoint the binding patterns of selected lectins for their optimal binding partners. The common specificity of the proteins could thus easily be displayed, and the relative binding efficiency for individual array compounds could be estimated. Given expanded carbohydrate repertoires, these microarrays have the potential to facilitate and accelerate various aspects of glycomics and proteomics.
Experimental Section
Experimental methods for all compounds, arrays, and analyses are given in the Supporting Information.
